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Theoretical Perspectives on Team Science 

he Ecology of Team Science 
nderstanding Contextual Influences on 
ransdisciplinary Collaboration 

aniel Stokols, PhD, Shalini Misra, MS, Richard P. Moser, PhD, Kara L. Hall, PhD, Brandie K. Taylor, MA 

bstract:	 Increased public and private investments in large-scale team science initiatives over the past 
two decades have underscored the need to better understand how contextual factors 
influence the effectiveness of transdisciplinary scientific collaboration. Toward that goal, 
the findings from four distinct areas of research on team performance and collaboration 
are reviewed: (1) social psychological and management research on the effectiveness of 
teams in organizational and institutional settings; (2) studies of cyber-infrastructures (i.e., 
computer-based infrastructures) designed to support transdisciplinary collaboration across 
remote research sites; (3) investigations of community-based coalitions for health promo­
tion; and (4) studies focusing directly on the antecedents, processes, and outcomes of 
scientific collaboration within transdisciplinary research centers and training programs. 
The empirical literature within these four domains reveals several contextual circum­
stances that either facilitate or hinder team performance and collaboration. A typology of 
contextual influences on transdisciplinary collaboration is proposed as a basis for deriving 
practical guidelines for designing, managing, and evaluating successful team science 
initiatives. 
(Am J Prev Med 2008;35(2S):S96–S115) © 2008 American Journal of Preventive Medicine 
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he growing interest and investment in transdis­
ciplinary team science over the past 2 decades 
are reflected in the establishment of several 

arge-scale research and training initiatives by both 
ublic agencies and private foundations.1–7 This in­
reasing commitment to transdisciplinary collaboration 
n science and training stems from the inherent com­
lexity of contemporary public health, environmental, 
olitical, and policy challenges (e.g., cancer, heart 
isease, diabetes, AIDS, global warming, inter-group 
onflict, terrorism), and the realization that an integra­
ion of multiple disciplinary perspectives is required to 
etter understand and ameliorate these problems.8 –12 

The expanded investment in team science and train­
ng has prompted greater demands for evidence that 
hey be cost effective and justifiable in terms of their 
cientific, training, clinical, policy, and health out­
omes, especially relative to smaller-scale, discipline-
ased research projects.13–16 Team science initiatives 
ypically entail substantial multiyear commitments of 
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onetary, human, and material resources.17 Critics of 
eam science contend that its value-added contribu­
ions to scholarship, training, and public health may 
ot be evident for several decades and are exceed­

ngly difficult to calibrate in rigorous experimental 
ashion relative to those yielded by smaller-scale, 
nidisciplinary projects (e.g., single-investigator NIH 
01 grants).18,19 

Even proponents of team science initiatives note that 
hey are highly labor intensive; often conflict-prone; 
nd require substantial preparation, practice, and trust 
mong team members to ensure a modicum of suc­
ess.20 –22 The labor-intensity of collaborative research 
rograms may pose unique risks to young scholars who 
re particularly concerned about establishing strong 
cientific identities within their chosen fields.23 Consis­
ent with these concerns, a growing number of studies 
ocusing on the processes and outcomes of transdisci­
linary scientific collaboration suggest that the effec­

iveness of team initiatives is highly variable and de­
ends greatly on certain contextual circumstances and 
ollaborative readiness factors.24 –26 It is becoming in­
reasingly clear that investments in team science are 
ot uniformly cost effective, although they can be 
normously valuable under the right circumstances 
e.g., the cross-disciplinary collaboration of Watson and 
rick on the structure of DNA, the Kennedy Adminis­

ration’s commitment to land a crew on the moon by 

969).27,28 
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Considering the varying levels of effectiveness that 
ave been achieved by transdisciplinary teams and 
esearch centers within the health sciences, it is impor­
ant to better understand the contextual determinants 
f collaborative success as a basis for knowing when 
and when not) to invest in large-scale team science 
nitiatives.29 In short, investments in transdisciplinary 
eam science and training must become more strategic 
nd cost effective in the coming years, especially in light 
f recent budget cuts, resource shortages, and the 

mportance of ensuring that research investments will 
ield scientific and translational advances that directly 
meliorate population health and environmental prob­
ems at national and global levels.30 

apping the Ecology of Team Science 

o establish a more-strategic basis for designing, man­
ging, and evaluating team science initiatives (and 
eciding when to opt instead for smaller-scale, unidis­
iplinary approaches to health problems), this review 
xamines the ecology of team science, or the complex 
eb of intrapersonal, interpersonal, organizational, in­

titutional, physical environmental, technologic (e.g., 
yber), and other political and societal factors that 
nfluence the effectiveness of transdisciplinary collabo­
ation in research, training, clinical, and public-policy 
ettings. This ecologic analysis suggests a typology of 
ontextual circumstances that jointly determine the 
ffectiveness of transdisciplinary science and training. 
 key implication of the proposed typology is that 

nvestments in team science should be strategically 
argeted toward those research questions, settings, and 
eams that are most conducive to the collaborative 
uccess and long-term cost effectiveness of transdisci­
linary initiatives.31 

Identifying the most appropriate criteria for judging 
he effectiveness of transdisciplinary team science initi­
tives depends, of course, on the ways in which key 
imensions of team performance and the essential 
ualities of transdisciplinary collaboration are defined. 
or instance, in the fields of social psychology and 
rganizational behavior, the effectiveness of a team’s 
erformance is typically defined in terms of the quan­
ity and quality of team products; the affective, behav­
oral, and cognitive influences a transdisciplinary team 
as on its members; and the team’s capacity to perform 
ffectively in the future.32 Yet the evaluation of team 
cience initiatives (defined as a unique form of intel­
ectual teamwork) generally impose additional criteria 
f success. For instance, Rosenfield33 contends that a 
ine qua non of effective transdisciplinary collaboration 
s the development of shared conceptual frameworks 
hat integrate and transcend the multiple disciplinary 
erspectives represented among team members. 
oreover, transdisciplinary conceptual frameworks 
re characterized as reflecting a higher degree of t

ugust 2008 
ntegration than is achieved through interdiscipli­
ary collaboration.34 –36 The least-integrative forms 
f cross-disciplinary research, according to Rosen­
eld,33 are multidisciplinary projects in which partici­
ating scholars remain conceptually and methodologi­
ally anchored in their respective fields (although by 
efinition some sharing of diverse perspectives also 
ccurs in multidisciplinary research). 
In contrast to Rosenfield’s definition of transdiscipli­

arity, the NIH Roadmap initiative4 treats the terms 
nterdisciplinary and transdisciplinary as basically equiva­
ent and, for simplicity, focuses on the promotion of 
nterdisciplinary collaboration. Within the Roadmap 
nitiative, interdisciplinary research is defined as that 
hich “. . . integrates the analytical strengths of two or 
ore often disparate disciplines to create a new hybrid 

iscipline.”4 Examples of hybrid fields spawned by 
nterdisciplinary health research are cognitive neuro­
cience, behavioral medicine, psychoneuroimmunol­
gy, bioinformatics, pharmacogenetics, proteomics, 
anotechnology, and populomics.37,38 

In the ensuing discussion, the distinctions among 
ultidisciplinarity, interdisciplinarity, and transdiscipli­
arity posited by Rosenfield and endorsed by others are 
etained, because these terms define collaborative ef­
ectiveness along a continuum of scientific achieve­

ents rather than in terms of a dichotomy between the 
mergence or non-emergence of a hybrid scientific 
eld.13,14,21,36,39 For example, the development of a 
hared conceptual framework among members of a 
ransdisciplinary research center can be viewed as an 
mportant, albeit incremental, collaborative milestone, 
ven if it is only one of many intellectual precursors 
hat eventually cumulate in the form of a newly recog­
ized hybrid field. If the effectiveness of team science 
ere defined solely in terms of the emergence of new 
ybrid fields, then many near- and mid-term collabora­

ive scientific achievements would remain undetected 
n the evaluation of team initiatives. Thus, it is impor­
ant to account for the temporal sequence of transdis­
iplinary collaborative outcomes (e.g., from the early 
evelopment of integrative conceptual frameworks to 
he subsequent emergence of new hybrid scientific 
elds) in the evaluation of team science initiatives. 

eneric and Project-Specific Criteria for Gauging the 
ffectiveness of Transdisciplinary Collaborations 

he contrasting definitions of cross-disciplinary re­
earch (e.g., multidisciplinarity, interdisciplinarity, and 
ransdisciplinarity) presented by Rosenfield and the 
IH Roadmap initiative (and the alternative criteria for 

udging the effectiveness of transdisciplinary collabora­
ions) are generic in the sense that they are intended to 
pply to broad categories of similarly organized initia­

ives and programs (e.g., National Cancer Institute 

Am J Prev Med 2008;35(2S) S97 
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ransdisciplinary research and training centers). How­
ver, when diverse team science programs are com­
ared, it becomes apparent that they often assign 
ifferent priorities among the multiple potential out­
omes of transdisciplinary collaboration. For instance, 
eam science initiatives such as the NIH Clinical Trans­
ational Research Centers and the Centers for Popula­
ion Health and Health Disparities emphasize strategies 
f community-based participatory research (as well as 
asic medical and behavioral research) for achieving 
ffective collaboration among university researchers 
nd community-based health practitioners as they work 
ogether to design and implement evidence-based 
isease-prevention programs.30,40,41 Other team science 

nitiatives, however, place less emphasis on the transla­
ion of scientific research into clinical practices and 
ive higher priority to scientific discovery and intellec­
ual integration. Thus, in addition to considering the 
eneric criteria of transdisciplinary collaborative suc­
ess, it is also essential that the evaluation of team science 
rograms take into account their diverse, project-specific 
oals, ranging from the achievement of scientific ad­
ances and the education of transdisciplinary scholars 
o the translational, clinical, and public-policy benefits 
hat accrue from investments in transdisciplinary re­
earch and training. To be maximally useful, the eval­
ation of team science initiatives should incorporate 
etrics that give the greatest weighting to the highest-

riority goals (e.g., scientific, training, translational, 
olicy) specified at the outset of each initiative by 
ajor stakeholder groups (e.g., funding agencies, 

rincipal investigators, community organizations, 
lected officials).17,29 

At the same time, the content and priority ranking of 
ollaborative goals may change over the life course of 
n initiative. For instance, the initial stage of a team 
cience project may give the greatest emphasis to basic 
esearch and training, whereas the intermediate and 
ong-term phases of collaboration may assign greater 
mportance to the translation of scientific knowledge 
nto community interventions and policies designed 
o improve public health. Thus, the substance and 
elative importance of an initiative’s major goals may be 
hase-specific. 
Clearly, any discussion of the ecology of team science 
ust address the complexities inherent in selecting 

riteria for gauging the effectiveness of transdisci­
linary collaboration, including those mentioned 
bove. The typology of factors that influence the effec­
iveness of team science, presented in a later section of 
his paper, recognizes that the definition of effective­
ess and the identification of highest-priority goals will 
ary somewhat among different research and training 
rograms and across their different phases, and that 
he design, management, and evaluation of transdisci­
linary initiatives must be tailored to address the 

nique and highest-priority goals of each. Moreover, i

98 American Journal of Preventive Medicine, Volume 35, Num
ultiple stakeholder groups (e.g., researchers, funders, 
ommunity members) may define the highest-priority 
oals of a transdisciplinary program differently, thereby 
reating yet another challenge to the design, manage­
ent, and evaluation of team science initiatives, as 

iscussed below. 

eview of Empirical Research on Team Performance 
nd Transdisciplinary Collaboration 

his analysis of contextual factors that influence the 
uccess of transdisciplinary collaborations is guided by 
mpirical evidence drawn from at least four areas of 
cientific research: (1) social psychological and man­
gement research on the effectiveness of teams in 
rganizational and institutional settings; (2) studies of 
yber-infrastructures (i.e., computer-based infrastruc­
ures) designed to support transdisciplinary scientific 
ollaboration; (3) field investigations of community-
ased coalitions for disease prevention and health 
romotion; and (4) studies focusing explicitly on the 
ntecedents, processes, and outcomes of effective col­
aboration within transdisciplinary research centers and 
raining programs. These areas were selected for review 
ecause they all identify key factors that facilitate or 
onstrain teamwork across a variety of institutional and 
ommunity settings. At the same time, the four re­
earch domains differ from each other in certain 
onceptual and methodologic respects. For instance, 
ocial psychological studies of team performance have 
elied heavily on short-term, laboratory-experimental 
nvestigations of randomly composed groups, whereas 
hose in the fields of organizational behavior and 

anagement science more often have employed longi­
udinal field research to evaluate the functioning of 
re-existing teams in corporate and other naturalistic 
ettings.32,42–44 Also, the criteria used to assess collabo­
ative effectiveness vary widely, depending on whether 
he groups under study are randomly assembled and 
nstructed to work on short-term experimental tasks or 
re longer-standing, self-selected teams employed by 
ngoing organizations to achieve specified financial, 
ealth, or intellectual outcomes.45 Thus, university– 
ommunity coalitions collaborate to promote popula­
ion health, improvements in environmental quality, 
nd social justice within a local community, whereas 
ransdisciplinary science and training programs often 
lace greater emphasis on intellectual discovery and 
cientific advancement as the most-highly prized collab­
rative outcomes.29 

The four research domains reviewed below vary not 
nly in terms of the kinds of teamwork studied within 
ach, but also in the breadth or scope of collaboration 
xamined in each field. Cross-disciplinary collabora­
ions can be compared on at least three dimensions of 

ntegrative scope: organizational, geographic, and ana-

ber 2S www.ajpm-online.net 
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ytic, each ranging from narrow to broad.29 The orga­
izational scope of transdisciplinary collaboration in­
ludes intra-organizational partnerships in which 
articipants work together within a single organization; 

nter-organizational alliances whose participants span 
ultiple organizations; and intersectoral partnerships 

n which members representing multiple communities, 
egions, or nations form alliances to develop programs 
r policies covering larger geographic and political 
omains. For instance, studies of team performance in 
he fields of social psychology, organizational behavior, 
nd management science predominantly emphasize an 
ntra-organizational perspective, whereas research on 
niversity–community coalitions for health promotion 
ncompass inter-organizational and intersectoral con­
exts of collaboration. 

Similarly, the geographic scope of transdisciplinary 
ollaboration ranges from local groups to community, 
egional, and national/global contexts of collabora­
ion. Scientific teams, for example, include those 
ased solely at a single locale (e.g., a university or 
esearch institute) as well as those whose participants 
ollaborate across multiple, dispersed locations, of­
en using electronic support systems to facilitate their 
ommunication.46 

Finally, the analytic scope of transdisciplinary collab­
ration ranges from molecular (e.g., neuroscience) to 
olar (e.g., public policy) levels of intellectual analysis, 

epending on the nature of the scientific or commu­
ity problems addressed by the team. As intellectual 
nalyses move from molecular or cellular levels to 
ommunity and policy perspectives, a wider range of 
cademic and professional vantage points must be 
ridged to achieve a transdisciplinary approach to the 
roblems at hand.26 Generally, transdisciplinary collab­
rations encompassing broader organizational, geo­
raphic, and analytic scope face a larger and more 
omplex array of potential coordination constraints as 
hey pursue their scientific and community problem-
olving goals.29 

Differences in the kinds and scope of transdisci­
linary collaborations studied within diverse fields sug­
est that extrapolations among the findings reported in 
ach domain must be drawn with caution. A major goal 
nderlying this analysis of transdisciplinary collabora­
ion is to develop a typology of circumstances that 
onstrain or enhance the effectiveness of team science 
nd training programs. When the relevance of findings 
rom social psychological and management studies of 
eam performance for understanding transdisciplinary 
cience initiatives are considered, for example, it is 
mportant to remain mindful of the differences be­
ween experimental teams studied in laboratory set­
ings, on the one hand, and community-based coali­
ions and research organizations examined through 
aturalistic field research, on the other; or between 

ssemblages of independent-minded scientists working 

a
a

ugust 2008 
n university settings compared to members of corpo­
ate teams that report directly to a single company boss. 
onetheless, certain contextual factors are consistently 

dentified as important correlates or determinants of 
ollaborative success across several research areas, as 
oted below. In this paper, particular attention is paid 

o these widely observed, high-leverage variables in 
eveloping a typology of contextual factors that influ­
nce the effectiveness of transdisciplinary collabora­
ions. With those caveats, a review of empirical evidence 
rawn from four relevant research domains begins 
elow. 

ocial Psychology and Management Research on the 
ffectiveness of Teams 

xperimental studies of group dynamics and interper­
onal processes (e.g., leadership, conformity, conflict) 
onducted in laboratory settings have been a focal area 
f social psychological research over the past six de­
ades.42– 44,47,48 As concerns have grown in recent years 
bout improving collaboration among members of 
ommunity-based organizations, field research on teams 
orking in and across specific organizational settings 
as expanded as a basis for better understanding how 
uccessful teamsa work and what factors determine 
heir effectiveness, such as team members’ familiarity 
ith each other, their social cohesiveness, group size, 
nd leadership styles.50–52 Empirical findings from this 
esearch are outlined below. Although the relevant 
iterature is quite extensive, space constraints necessi­
ate that the review of this earlier work be selective 
ather than exhaustive. 

eam Members’ Familiarity and 
ocial Cohesiveness 

ecent reviews of research on team effectiveness sug­
est that increased familiarity among team members as 
ell as greater social cohesiveness lead to increased 
roductivity.32,45 Relatedly, it has been observed that 
ocial cohesiveness is enhanced in part by good perfor­
ance itself.45 In many organizational settings, strong 

etwork ties are more likely to form among members 
ho share similarities in various demographic and 
ducational criteria than among those who do not.53 

It is noted that distinctions have been drawn in social psychological 
nd management research between the terms teams, groups, task 
orces, and their various subcategories (e.g., project teams, top 

anagement teams, production teams, action/involvement teams). 
owever, these differences are not essential for purposes of this 
iscussion, because all of the terms refer similarly to collections of 

nterdependent individuals who share responsibility for outcomes 
nd are recognized as distinct social entities by their members and 
utsiders. Moreover, because this study’s purpose is to review the 

iterature across disparate fields and to establish emergent themes 
elevant to transdisciplinary collaboration, the term team will be 

pplied to all forms of collaboration examined in social psychology 
nd management research. 

Am J Prev Med 2008;35(2S) S99 
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ome studies have found that homogenous teams, 
lthough more socially cohesive, do not perform as well 
s heterogeneous teams on certain kinds of tasks, 
specially on creative and intellectual tasks.54–56 Katz 
bserved that familiarity among team members had a 
egative effect on team performance with the passage 
f time, suggesting that temporal factors play a crucial 
ole in members’ efforts to establish and sustain high 
evels of performance.32,57 A recent experimental study 
ssessed the effect of time on team performance under 
wo conditions—one in which members were familiar 
ith each other and another in which they were not— 
nd found that, over time, initially unfamiliar team 
embers performed just as well as the other team 
hose members were more familiar with each other at 

he outset.58 

One explanation of the declining performance of 
eams whose members are familiar with each other is 
hat, as familiar group members become more cohesive 
ver time, interpersonal processes that diminish perfor­
ance, such as social loafingb and “groupthink,”c in­

ensify as well.60–62  Another explanation is that com­
unication among members declines as teams age.57 

khuysen63 found that familiar teams exhibit less flex­
bility for change compared to teams of strangers, 
hereby jeopardizing their performance. Teams that 
re able to adapt to fluctuating task demands are more 
ikely to be effective, because these environmental 
hallenges prompt members to evaluate their current 
trategies and abandon ineffective ones.64 Familiarity, 
owever, may lock members into ineffective strategies 
ver time because of their reluctance to modify pre­
stablished roles and patterns of interaction.63 Conver­
ent evidence for the inverse link between familiarity 
nd performance over time emerged from a field 
nvestigation of interdisciplinary scientific networks,1 a 
opic discussed more fully in a later section. 

eam Size and Physical 
nvironmental Conditions 

he effects of team size on performance are mixed, 
ith some studies indicating that large teams require 
ore coordination and time to reach decisions,65 and 

thers finding that teams, even with as many as 30 –40 
embers, can achieve higher levels of performance 

ecause of their access to greater resources—especially 
ime, energy, money, and expertise—for task comple­

In the social psychology of groups, the social-loafing effect has been 
efined as a situation in which people expend less effort when 
orking in groups than when working alone. One explanation is that 
eople can get away with poor performance in groups because their 

ndividual outputs are not identifiable. Another is that they expect 
he other group members to loaf, and therefore lessen their own 
fforts to establish an equitable division of labor.59 

When group members try to reach consensus or minimize conflict 
ithout critically analyzing and evaluating ideas, either to avoid 

ngering other group members or avoid being seen as foolish, they 
re exhibiting groupthink.60 e

100 American Journal of Preventive Medicine, Volume 35, Num
ion.49,66 Stewart’s meta-analysis67 examined empirical 
inks between differences in team size and performance 
evels among teams working on complex tasks in un­
ertain environments and found a small but positive 
ffect of team size on performance. 
However, another study68 of 15 interdisciplinary 

reatment teams in a hospital setting (where group sizes 
anged from 5 to 12 members) found that overall 
ffectiveness, measured by cohesiveness, meeting hos­
ital standards, and the personal well-being of team 
embers, was greater among smaller teams. That study 

lso found that high levels of interdisciplinary collabo­
ation were linked to greater cohesiveness which, in 
urn, contributed to improved performance. Moreover, 

embers’ ratings of physical environmental conditions 
t work, such as the availability of quiet and comfort­
ble places for team meetings and adequate materials 
or discussion, were positively related to reported 
evels of interdisciplinary collaboration. The influ­
nce of a team’s physical environment on patterns of 
ollaboration also has been observed in earlier stud­
es of corporate teams and university-based research 
enters.13,26,69 –71 

It is important to note that the optimal team size for 
nhanced performance is likely to vary, depending on 
he kinds of teams and organizations under study. For 
xample, in a study of interdisciplinary research and 
raining centers, Rhoten25 found that smaller (�20 
nvestigators) and medium-sized (21–50 members) cen­
ers were more conducive to the generation of interdis­
iplinary knowledge than larger centers (�50 investi­
ators). Yet in other settings such as corporate 
epartments, 20-member teams may be regarded as 

arge rather than small. The relationships between 
embership size and performance quality thus are 

onditioned by the unique goals of particular teams 
nd the ecologic contexts in which they function. 

eadership Traits and Behaviors 

arlier studies17,29,72 of transdisciplinary research cen­
ers and teams suggest that leaders substantially influ­
nce collaborative processes and outcomes. Yet empir­
cal links between the specific traits and behaviors of 
eaders and the effectiveness of team science initiatives 
emain to be drawn. There is, however, a long tradition 
f research on leadership, group performance, and 
rganizational effectiveness within social psychology 
nd management science, some of which is rooted in 
ax Weber’s conceptualization of charismatic lead­

rs.73 For instance, research in these fields has identi­
ed various personal traits, such as intelligence, self-
onfidence, physical appearance, educational status, 
ask-relevant knowledge, and sensitivity to members’ 
ocio-emotional needs, that contribute to effective lead­

rship in team situations.74–77 

ber 2S www.ajpm-online.net 
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Recent studies have moved beyond analyses of spe­
ific leadership traits toward a broader focus on the 
ombinations of skills, patterns of behavior, and inter­
ersonal styles exhibited by exemplary leaders.78,79 

ccording to Collins,80 for example, it is the paradox­
cal blend of personal humility and strong professional 
ill that enables some individuals to become exemplary 

eaders. Bennis52 suggests that the leaders of “great 
roups” excel at generating and sustaining trust; culti­
ating a shared dream among members that provides 
hem with direction, meaning, and hope; and have a 
ias toward risk taking and action. Similarly, the term 

ransformational leader has been used in other stud­
es50,67,81 to describe individuals who are able to en­
ance fellow-members’ motivation and performance by 
ffering them a strong vision of collective success, 
ringing out the best in each member and empowering 
er or him to reach personally and collectively impor­

ant goals. Teams rated higher on transformational 
eadership see themselves as more potent and achieve 
igher levels of performance.81 

An important direction for future research is to 
xamine the contextual influences on leaders’ effec­
iveness within complex team science initiatives. As the 
rganizational and geographic scope of transdisci­
linary collaboration increases (e.g., for multisite initi­
tives), leadership responsibilities often must be shared 
nd coordinated among multiple directors (e.g., those 
aving primary responsibility for scientific, financial, 
nd administrative leadership) located at geographi­
ally dispersed sites29,72—a topic discussed further in a 
ater section of this review. 

articipatory Goal Setting and 
ommunication Patterns 

articipatory goal setting is thought to enhance team 
erformance by encouraging feelings of inclusiveness 
mong team members and providing them structure, 
onnection, and shared beliefs, as well as enhancing 
ollective efficacy.45,61,82– 84 Importantly, the presence 
f a goal, compared to no goal or ill-defined goals, 
ends to elevate team performance by raising member 
ffort and stimulating communication and coopera­
ion.32 Team-development strategies such as experien­
ial learning and appreciative inquiry have been found 
o be useful in facilitating members’ efforts to reach 
onsensus about shared goals and aspirations.50,61,85,86 

Communication has been a topic of long-standing 
nterest in research on group dynamics. The lack of 
dequate feedback and communication is a major 
mpediment to effective team performance.61,86 Regu­
ar group communication involving the exchange of 
rganization-relevant knowledge among employees was 
ound to enhance innovation in a longitudinal study of 

anufacturing firms.87 Good communication among 

eam members encourages feelings of trust and psycho­ h

ugust 2008 
ogical safety,88 and enables teams to better manage 
ssues of size, compatibility, and cohesion.61 In a study 
f new-product team managers in a high-technology 
rm, Ancona and Caldwell89 demonstrated that not 
nly internal communication (communication among 
eam members) but also external communication 
communication beyond the teams) enhances perfor­
ance. The use of group brainstorming to promote 

ommunication and idea generation also has received 
upport, especially for teams communicating electron­
cally.32,45,46 The issue of effective communication for 
emote collaboration is discussed further in the section 
n electronic communication among spatially dis­
ersed teams.46,90 

ask and Outcome Interdependence 

n additional factor that has been shown to influence 
eam performance is the structural interdependence of 

embers’ tasks and rewards. An example of an interde­
endent task is software development, which requires a 

eam consisting of programmers, quality-assurance ex­
erts, business analysts, and project managers to accom­
lish the task. An interdependent reward system is one 

n which all members are assessed and rewarded 
qually based on the performance of the team, regard­
ess of variations in individual excellence. When re­
earchers work collaboratively on a shared enterprise 
ut pursue part of the project independently, they are 
aid to be a hybrid team. Accordingly, members tasks 
nd rewards have both individual and collective 
lements.91 

In a study91 of 150 teams of technicians in a corpo­
ation, it was found that teams perform best when their 
asks and outcomes are either purely group-oriented or 
urely individual-oriented. Higher levels of task inter­
ependence resulted in higher levels of cooperation, 
elping, and learning behavior, and demonstrated 
igh-quality social processes. Similarly, group-reward 
ystems for highly interdependent teams motivated 
embers to perform well and resulted in greater effort. 
ybrid teams, however, performed poorly, exhibited 
oor interpersonal processes, and had low levels of 
ember satisfaction.91 

These findings pose implications for the design of 
ransdisciplinary research collaborations, notwithstand­
ng the differences between corporate and scientific 
ettings. Because transdisciplinary team science re­
uires a high level of cooperation to achieve knowledge 

ntegration across disciplinary boundaries, it would 
eem advisable to organize research tasks so that they 
re structurally interdependent; encourage sustained 
ollaboration through institutional, environmental, 
nd technologic supports; and reward collaborative 
rocesses and achievements through an interdepen­
ent incentive system. Organizational structures that 

ave hybrid or very low levels of interdependence have 
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een shown to produce low levels of interaction among 
embers and to prevent the development of collective 

orms and mutual learning.92 At the same time, exces­
ive structural interdependence in research settings, 
specially when not supported by organizational, envi­
onmental, and technologic resources, can become 
roblematic, as much time and effort must be spent on 
oordination issues rather than on the task itself. To be 
aximally effective, team science initiatives may re­

uire a balance between interdependent task and re­
ard structures on the one hand, and opportunities for 
utonomous or semi-autonomous teamwork on the 
ther.67,78,93 

eam Effectiveness in Remote Collaboration 

emote collaboration refers to those arrangements in 
hich team members are geographically dispersed. 
patially (and often temporally and culturally) sepa­
ated teams of workers collaborate on scientific or 
anagerial projects through the Internet and by using 

ther information and communication technologies. 
ew terms such as scientific collaboratories (the terms 

irtual teams and distributed collaboration are also found 
n the literature)46 have come to represent network-
ased facilities and organizational entities that span large 
istances to allow contact among researchers, access to 
ata and instruments, and the sustained interaction re­
uired to accomplish research tasks.94–96 Remote collab­
ration can be intra- or inter-organizational as well as 
ntersectoral in scope, depending on the particular 
ontext of collaboration and its specific purpose. The 
eographic scale of remote collaboration may be 
uite broad, as members often communicate with 
artners located in other countries. Distributed collab­
ration poses unique challenges for team effectiveness. 
 small but steadily growing body of work has exam­

ned the conditions that facilitate and constrain the 
erformance of spatially and temporally dispersed 
eams. These facilitative and constraining factors are 
ategorized as technologic, environmental, socio­
ognitive, and emotional. 

echnologic Factors 

he availability of adequate infrastructure—such as the 
equisite bandwidth for distance technology tools (e.g., 
igital video and high-quality audio); state-of-the-art 
orkstations; and the availability of technical sup­
ort—is critical to the scientific and managerial success 
f distance collaboration. Olson and Olson,90 for ex­
mple, describe how a team of manufacturing engi­
eers in Europe encountered difficulties while explain­

ng a manufacturing issue to design engineers in the 
.S. because they used only audio technology rather 

han both audio and video. The high costs and in­

reased expenditure of time required to initiate and M

102 American Journal of Preventive Medicine, Volume 35, Num
ynchronize applications like data conferencing often 
urtail their use (e.g., broadcasting slides only briefly 
nd reducing collaboration over joint work).97 Because 
cientific and managerial collaborations require the 
ransfer of large amounts of data securely and quickly, 
ven synchronously, the additional challenges of main­
aining data security, integrity, privacy, and long-term 
rchival access often arise.72 

Apart from these technologic infrastructure-readiness 
actors, conditions of technology readiness also have 
een addressed.90 Observational studies of scientific 
nd industrial collaboratories have found that users 
nfamiliar or inexperienced with the use of advanced 
echnologies are not prepared for such forms of collab­
ration. Technology readiness also requires users to 
ave adapted to the habits and patterns of technology 
se, such as preparing for and setting up meetings, 
aving regular access to technology, and making infor­
ation accessible to others in a timely fashion.90 Assess­

ng the technology readiness of participants before 
mplementing distance collaboration is crucial for en­
uring its success. 

nvironmental Factors 

echnology-mediated collaboration changes the way 
eople interact with their socio-physical surroundings. 
acit behaviors taken for granted in face-to-face trans­
ctions become major impediments in remote collabo­
ation. Teams using tools for audio conferencing, video 
onferencing, or both, encounter difficulties such as 
eing unaware of other participants’ identities, the 
opic of discussion, the identity of speakers, and the 

ental and emotional states of their remotely located 
artners.90 Distance collaborators must adapt to the 

oss of shared physical settings and socio-spatial cues. 
or instance, it becomes critical for dispersed team 
embers to be explicit about information that is nor­
ally tacit in collocated teams to ease the collaborative 

rocess.98 Another adjustment that may facilitate re­
ote collaboration is the use of technology-mediated 

ommunication only for unambiguous activities that 
o not require frequent interaction and feedback 
e.g., data collection versus idea generation or 
esigning).90,98 

An additional constraint faced by virtual teams, espe­
ially in international collaboration, is working in dif­
erent time zones.99 If coordinated well, work could 
roceed 24 hours a day, leading to increased produc­
ivity. However, working across multiple time zones 

eans that team members are in different stages of 
heir circadian rhythms—members of the U.S. team, 
or example, could be groggy early in the morning 
hile simultaneously their French collaborators would 
e alert in the late afternoon.90 Managing cultural 
ifferences poses other challenges for global teams. 

isunderstandings due to linguistic differences, dispar­

ber 2S www.ajpm-online.net 
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ties in management styles, and status conventions in 
ifferent cultures can constrain the effectiveness of 
lobal teams.90 

ocio-Cognitive and Emotional Factors 

uilding and sustaining trust are perhaps the most 
rucial conditions virtual teams must achieve to be 
uccessful. Trust is especially fragile and transient in 
irtual teams, as members do not share a common 
ocio-physical context, norms, values, or expectations, 
or do they have opportunities to monitor each other’s 
ehavior.100,101 An experimental study of computer-
ediated teamwork found that lack of trust is a major 

onstraint on performance, especially when teams en­
age in risky activities and have few shared experiences 
o rely on. Initial face-to-face contact and socialization 
ere found to increase the trust levels among team 
embers, facilitate the formation of social norms, and 

id the establishment of group identity.102 Face-to-face 
ontact early-on may be a prerequisite for successful 
emote collaboration. 

Effective and sustained communication among geo­
raphically isolated team members emerges as another 
ssential element for creating common ground as a 
recursor to trust among collaborators.90 Jarvenpaa 
nd Leidner100 found that increased social communi­
ation, along with task-related communication, strength­
ns trust. Communication expressing enthusiasm and 
ptimism explicitly was found to facilitate the estab­

ishment of trust early-on in a collaboration. Teams 
hat had high levels of trust exchanged many messages 
or clarification and to garner consensus on the task. 
hey also initiated more communication and provided 

imely substantive feedback to fellow members. Enthu­
iastic and motivated leadership was another key factor 
hat differentiated high-trust from low-trust virtual 
eams.100 

Specific interventions found to improve distance 
ollaboration include the presence of a technology 
acilitator to help resolve technical problems and a 
irtual-meeting facilitator who mediated discussions 
mong the remote parties.90,97 When multiple loca­
ions are involved, the presence of a site coordinator to 
andle location-specific administrative issues was found 

o improve communication among parties.103 The cre­
tion of formalized communication conventions might 
nclude protocols for turn taking and the use of com­

on specialized vocabulary among sites.90 In addition 
o organizational strategies for improving interaction 
mong dispersed team members, technologic advances 
lso can ease some of the difficulties inherent in remote 
ollaboration. For instance, technologically enabled 
roup performance support systems, including tools for 
lectronic brainstorming, evaluation, and voting, as 

ell as exchanging comments, can assist virtual teams c

ugust 2008 
ith decision making, resource planning, and other 
ollaborative activities.104 

Remote collaboration creates new expectations, al­
ers roles, and shifts communication patterns for its 

embers.98 It therefore requires participants to make 
arious social, organizational, and physical environ­
ental adjustments and adaptations to new tools and 

echnologies.105 The success of both collocated and 
irtual teams is likely to be influenced by the collabo­
ation readiness of its members and participating orga­
izations.26,90 Organizations and teams that lack a 
ulture of sharing and collaboration are likely to resist 
hange and remain ineffective. Moreover, if incentive 
tructures are not aligned to encourage the adoption of 
ollaborative tools and related behaviors, such behav­
ors are not likely to occur. Finholt98 suggests that team 

embers establish formal conventions about how data 
re to be used and credit shared at the outset of their 
ollaboration to enhance its effectiveness. Another 
ctivity that can facilitate remote teamwork is the 
ongitudinal evaluation of collaborative processes 
nd outcomes (e.g., Teasley and Wolinsky106). For­
ative evaluations can lead to refinements in re­

earch and training programs, strengthen social net­
orks, and encourage new organizational forms to 

26,94,106merge.

eam Effectiveness in Community Coalitions 

ommunity coalitions between scientists and practitio­
ers translate scientific findings into interventions and 
rograms that promote public health and social justice. 
hese collaborations are usually inter-organizational in 

cope. The scale and complexity of transdisciplinary 
ollaboration among researchers and practitioners in­
rease further as the goals become broader-gauged with 
he design, implementation, and evaluation of health 
rograms and policies spanning local, regional, na­

ional, and international levels. Such broad-gauged 
ollaborations are intersectoral in scope.29 Community 
oalitions are prone to the difficulties inherent in 
eamwork (such as conflict and social fragmentation) 
ecause of the complexity of their goals and environ­
ental contexts as well as the diversity of participants’ 
orld views and educational backgrounds. Factors that 
an facilitate or constrain the effectiveness of commu­
ity coalitions are noted below. 

dentification of Common Goals and Outcomes 

ontributing to both community concerns and re­
earch goals is a defining feature of transdisciplinary 
ction research. Citizen groups, practitioners, and re­
earchers bring diverse and often competing interests 
nd problem-solving agendas to their partnerships.29 At 
imes, the expectations and priorities of funding agen­

ies are different from a coalition’s goals, imposing 
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dditional collaborative constraints.107,108 An evalua­
ion of the first 4 years of an intersectoral community 
oalition identified as a key challenge the achieving of 
 balance between community interests and research 
eeds.108 Whereas practitioners’ goals are more prag­
atic, community-oriented, and favorably disposed to 

uick decisions and the implementation of problem-
olving strategies, researchers generally have a longer-
erm orientation, are more concerned with basic re­
earch questions, and aspire to publication and the 
eceipt of grant funds.29,107 Conflicts also may arise 
rom differences in ethical practices and beliefs about 
hat constitutes a realistic timeline to achieve the 
oalition’s goals.72 Coalitions whose members en­
orse competing goals and outcomes; hold different 
iews of science and society; and use dissimilar 
erminology, language, and decision-making styles 
re likely to experience conflicts that undermine the 
eam’s performance. Coalitions that identify clear 
oals and objectives perceived to be attainable, agree 
n shared research-principles, and reach consensus 
n major areas of concern face fewer collaborative 
hallenges.29,107–109 

istribution of Power and Control 

he inequitable distribution of resources (e.g., infor­
ation, time, funding, decision-making power, partici­

ation, and control over aspects of the community 
roblem-solving process) is a major impediment to 
oalition progress and sustainability. Perceived status 
ifferences— between scientists and practitioners, 
nd between health professionals and community 
embers—can prevent collaborations from achieving 

heir goals.29,107–110 Other studies of coalitions high­
ight the importance of the continuity of collaboration 
etween researchers and practitioners over extended 
eriods and across the various phases of action– 
esearch, including the formulation of goals and the 
ranslation of research into preventive and therapeutic 
nterventions, scientific publication, and community 
mpowerment.29,108,111 The joint development of oper­
ting norms that encourage open communication, mu­
ual respect, inclusiveness, and shared decision making 
lso facilitate the collaborative process.107,108 

istory of Collaboration 

uilding on prior positive experiences with a certain 
rganization or community enhances trust among co­
lition partners and is a practical strategy for strength­
ning future collaborations. A lack of trust and respect 
rise from prior collaborations in which community 
embers perceived no direct benefit or even harm, or 

f they received no feedback.107,112 Groups in the U.S. 
hat have experienced historic oppression, such as 
ative American and African-American communities, 

ay mistrust scientists. Scientists, on the other hand, c

104 American Journal of Preventive Medicine, Volume 35, Num
ay not be aware of such feelings of mistrust when 
ormulating research goals and planning tasks that 
equire the involvement of these communities.111 Also, 
he simple lack of experience in working with a partic­
lar organization or conducting community-based re­
earch can result in a considerable amount of time 
eing spent to establish trust and define shared princi­
les of collaboration.108 Prior experience in working 
ith partners and conducting transdisciplinary action– 
esearch eases these pressures considerably.40 

eadership and Member Characteristics 

eaders who are supportive, democratic, empowering, 
nd committed and who encourage cooperation and 
ngage the support of others significantly enhance 
ransdisciplinary collaborations within both university 
nd community settings.29,107–109,113 Kumpfer and col­
eagues113 conducted an exploratory study to test the 
elationship of leadership style to team effectiveness in 
n alcohol and drug abuse–prevention coalition. An 
mpowering leadership style was found to boost mem­
er satisfaction and team efficacy, and was critical to the 

mplementation and maintenance stages of the coali­
ion as well as to its outcomes. Because coalitions are 
rone to internal disagreements, leaders adept at han­
ling conflict are a valuable asset. By contrast, those 
ho foster secrecy, in-group exclusiveness, and con­

rontation can weaken cooperative problem solving 
mong members and minimize their use of intellec­
ual resources. In inter-organizational and intersec­
oral coalitions, the presence of multiple program 
hampions who are well-known and respected among 
artners can facilitate coordination across participat­

ng organizations.109,112 

Members’ readiness for collaboration also influences 
he outcomes of the community coalition. Collaboration-
eadiness factors include the sharing of a transdisci­
linary ethic by coalition members and are expressed 
y their methodologic flexibility, cooperative spirit, 

nclusiveness, and positive attitudes toward collabora­
ion.107,109,114 In addition to their skills in research 
esign and methods, members should be skilled in 
roup processes, team development, negotiation, con­
ict resolution, and interpersonal communication.107 

egular and unconstrained communication among team 
embers—interpersonal as well as project-related—is a 
ecessary condition to establish and maintain trust 
mong members, provide clarity about coalition goals 
nd member roles, and resolve disagreements or 
onflicts. The provision of well-developed electronic 
ommunication systems also facilitates coordination 
mong partners.29,109 

rganizational Support 

 challenge faced by community coalitions is the de­

line in participation or involvement by members due 

ber 2S www.ajpm-online.net 
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o circumstances such as lack of time, scarce resources, 
nsufficient appreciation or recognition, competing 
nstitutional demands, loss of autonomy in decision 

aking, frustration due to lack of progress, and inter­
ersonal conflict.107–109 Sustaining community coali­

ions requires that members’ incentives to remain 
nvolved exceed the personal costs they incur through 
heir participation. Examples of such incentives are 
nancial compensation, training and educational op­
ortunities, and peer recognition.107 Broad-based insti­

utional support for transdisciplinary collaboration 
e.g., changes in tenure and promotion policies in 
niversities) and rewards for community-based re­
earch (e.g., the publication of findings in respected 
ournals) may increase the collaboration readiness of 
esearchers and practitioners alike. Finally, assurances 
f long-term funding by public agencies and private 
oundations also enable coalition members to build 
ustainable partnerships.29,107,108 

tudies of Transdisciplinary Science and 
raining Programs 

esearch on the antecedents, processes, and outcomes 
f scientific collaboration in transdisciplinary research 
enters and teams has grown steadily since the mid­
990s. Detailed reviews of these studies are available 
lsewhere.10,11,13,22,25 The existing literature on the 
cience of team science consists primarily of qualitative 
ase studies employing structured interviews, surveys, 
nd observations of collaborative activities among re­
earchers as they occur in offices and laboratories. Very 
ew experimental or quasi-experimental studies of 
ransdisciplinary collaboration in scientific and training 
ettings have been published (see Sonnewald115 for an 
xception to this trend), thereby precluding the possi­
ility of determining causal relationships among key 
ariables. Nonetheless, systematic assessments of collab­
rative processes and outcomes gained through com­
arative case studies of transdisciplinary science and 

raining centers have yielded valuable insights about 
he contextual factors that facilitate or constrain intel­
ectual integration spanning multiple fields. In this 
ection, some of the major themes that have emerged 
rom earlier studies of team science are summarized. 

endencies Toward Conflict 

onflict and tensions among members of a transdis­
iplinary center or team stemming from divergent 
isciplinary world views, competing theoretical and 
ethodologic perspectives, different departmental af­

liations, and dissimilar interpersonal styles hinder the 
ormulation of clear goals and their accomplish­

ent.1,29,39,116 While disagreements and conflict can 
ontribute to knowledge construction, learning, and 

nnovation,117 it is important to negotiate these differ­ t

ugust 2008 
nces, as they can foster interpersonal tensions, social 
ragmentation and subgrouping, and non-overlapping 
even competing) agendas; eventually they can under­
ine the collaboration’s ability to meet its goals.26,29 

vercoming such conflicts requires that members of a 
ollaboration establish familiarity with each other’s way 
f thinking. This is possible through the prolonged and 
egular exchange of ideas and the development of 
nformal personal relationships.117 Off-site retreats 
ave been shown to promote communication among 

eam members, reduce interdisciplinary tension, and 
timulate intellectual integration.26 Having common 
isions and goals, a strong motivation to achieve 
hem,29,72 and the will to make the collaboration suc­
essful117 also help members to put their disagreements 
ehind them and move forward. The leadership skills 
f center directors, especially tactfulness in conflict 
esolution and the ability to encourage cooperation 
mong members, emerge as an important asset for the 
uccess of transdisciplinary teams.29,39 

ollaboration Readiness 

ollaborative-readiness factors (the presence or ab­
ence of institutional supports for interdepartmental 
nd cross-disciplinary collaboration; the breadth of 
isciplines, departments, and institutions included in a 
articular center; the degree to which team members 
ave worked with each other on other projects; the 
patial proximity of the members’ offices or laborato­
ies; and the availability of electronic linkages for 
fficient communication) strongly influence the team’s 

11,13,17,27,29,90,118rospects for success. Previous case 
tudies assessing collaborative outcomes in research 
enters and teams suggest that the more these contex­
ual factors are present at the outset of the collabora­
ion, the better a team’s prospects for achieving its 
ollaborative goals.26,119 

reparation and Practice 

he importance of preparation and practice for ensur­
ng successful collaboration has been emphasized in 
rior evaluations of transdisciplinary centers and 

eams.14,26 Unrealistic expectations for complete coop­
ration and harmony, along with ambiguity of goals 
nd intended outcomes, can impede the team’s collab­
rative efforts. Members must be aware of the collabo­
ative constraints, disagreements, and conflicts that 
hey are likely to encounter over the course of the 
roject and be prepared to dedicate considerable time 
nd effort toward establishing common ground both 
ntellectually and socially.10,11,21,27,120 Thus, transdisci­
linary collaboration, to be effective, requires substan­

ial preparation, practice, and sustained effort.29 
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onceptualizing the Ecology of Transdisciplinary 
eam Science and Collaborative Effectiveness 

he review of empirical literature on team perfor­
ance presented in the preceding sections highlights 

he importance of certain factors, identified across 
ultiple research domains, that either enhance or 

inder the effectiveness of transdisciplinary collabora­
ions. For example, the crucial roles played by exem­
lary leaders of transdisciplinary initiatives, the impor­
ance of establishing interpersonal trust and respect 
mong team members, and the organizational and 
echnologic aspects of collaboration readiness are 
mong the most-commonly-cited factors that exert 
trong influences on transdisciplinary collaborative 
rocesses and outcomes. An overview of the major 
actors that facilitate or constrain transdisciplinary col­
aboration, identified in each of the four research 
omains reviewed above, is presented in Table 1. The 

acilitating and constraining influences on transdisci­
linary collaboration listed there and derived from 
arlier studies of team performance provide an empir­
cal and conceptual foundation for understanding 
he ecology of team science and establishing a typol­
gy of contextual factors that jointly determine the 
ffectiveness of transdisciplinary research and train­
ng initiatives. 

Although the indicators of team performance in 
ransdisciplinary collaborations vary (depending on the 
cientific and community problems being addressed; 
he scale of the collaboration [intra-organizational, 
nter-organizational, or intersectoral]; and center-
pecific goals and desired outcomes), certain structural 
eatures are nonetheless common to all transdisci­
linary projects. First, transdisciplinary teams are inher­
ntly diverse in their composition, are charged with 
omplex and difficult tasks, and can function in dy­
amic and uncertain social environments. Second, 

ransdisciplinary collaborations are likely to be hybrid 
n nature, such that certain tasks requiring high struc­
ural interdependence and coordination are combined 
ith others performed independently. Rewards in aca­
emic settings, on the other hand, traditionally have 
een based on individual merit. Scientists’ contribu­
ions to a field are generally evaluated in terms of their 
ingle- or co-authored publications. Third, transdisci­
linary science teams in academia are likely to have a 
igher degree of autonomy compared to those working 

n corporations. Finally, many transdisciplinary collab­
rations include members who are geographically 
ispersed. 
Earlier studies reveal the difficulties that teams can 

ncounter with the abovementioned circumstances. 
eterogeneous and hybrid teams often experience 

nterpersonal tensions and social fragmentation.53,91 

he ambiguity of goals, outcomes, and tasks makes 

ransdisciplinary teams susceptible to conflict.29 Uncer­ m

106 American Journal of Preventive Medicine, Volume 35, Num
ainty and instability—arising from changes in member­
hip and administration, institutional policies, funding 
imitations, and time pressure—decrease the psycho­
ogical safety of members and make the establishment 
nd maintenance of trust among members particularly 
hallenging. Moreover, the contexts in which teams 
ork change with time. How can these barriers to 

eamwork in transdisciplinary collaborations be over­
ome or diminished, so that team members can reach 
heir intellectual potential? In the ensuing sections are 
utlined the major intrapersonal, interpersonal, orga­
izational, physical environmental, technologic, and 
olitical and societal factors that influence the effec­
iveness of team science, based on the literature 
eview presented earlier. A summary of these key 
actors situated at each level of analysis (i.e., intrap­
rsonal through political and societal) is provided in 
able 2. 

ntrapersonal Factors 

ndividuals who value collaboration, support a culture 
f sharing, and embrace a transdisciplinary ethic are 

teams.13,39,109ell-suited for transdisciplinary Mem­
ers’ collaborative readiness (gauged in terms of their 
reparedness for the uncertainties and complexities of 
ransdisciplinary teamwork,29 their methodologic flexi­
ility,107 their openness to disparate disciplinary per­
pectives and world views, and their willingness to 
evote substantial amounts of time both to learning 
bout others’ expertise and developing intellectual and 
ersonal relationships) appears to be crucial to the 
uccess of team science initiatives. The sharing of 
galitarian values,39 allegiance to ethical conduct and 
hared responsibility,121 and enthusiasm for achieving 
ollaborative goals further enhance the prospects of 
ransdisciplinary success. Other important consider­
tions are the extent of collaborative experience that 
eam members have had with each other in the past 
nd their experience with transdisciplinary collabora­
ion in general. A history of positive collaboration 
ncreases members’ readiness for effective teamwork 
ecause they share more common ground at the outset 
nd thus may not have to spend as much time estab­
ishing and sustaining trust (compared to teams whose 

embers begin collaborating with little or no history of 
orking together on earlier projects).26,29,107,108,118,119 

In addition to team members’ characteristics, a team 
eader’s style plays a pivotal role in ensuring collabora­
ive success. The most effective leaders in collaborative 
ettings are empowering, inclusive, and transforma­
ional in their style; skillful in negotiating and resolving 
onflicts; and generous in offering constructive feed­
ack and encouragement to colleagues. Those skills 
nable them to bolster trust and cohesiveness among 
eam members and to facilitate high levels of perfor­
29,52,107,113ance. Moreover, dynamic leadership— 
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able 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research 

rea Facilitating factors Constraining factors 

ocial psychology 
and organizational
behavior 

 

yber-infrastructures 
for remote 
collaboration 

Social cohesiveness and familiarity among team 
members 

Flexibility to adapt to changing task 
requirements and environmental conditions 

Transformational and empowering leaders who 
have excellent tactical skills and are able to 
foster collaboration through their respectful 
and inclusive orientation toward team 
members 

Participatory group goal setting and decision 
making, encouraging active roles to be 
played by all members in reaching consensus 
on major goals and decisions 

Team development strategies such as 
experiential learning and appreciative 
inquiry to encourage members’ active 
participation 

Regular and effective communication and 
feedback among members to foster trust 

Organizational support for members’ diversity 
and heterogeneity, especially in intellectual 
and scientific endeavors 

Opportunities for face-to-face contact and 
relationship building 

Access to physical environment resources that 
support collaboration (e.g., comfortable 
meeting areas, distraction-free and private 
work spaces for individualized and small-
group tasks that require close concentration 
or confidentiality) 

Members share egalitarian values and mutual 
respect among team members throughout all 
stages of collaboration 

Technologic infrastructure readiness, including 
availability of adequate bandwidth, 
connectivity, and electronic communications 
equipment to support remote collaboration 

Collaboration readiness of team members and 
organizations (i.e., their willingness to share 
information cooperatively; the existence of 
incentives to participate in and sustain 
collaboration; and broad-based institutional, 
organizational, and administrative support) 

Technology readiness of users (i.e., their 
adaptation to habits and patterns of 
technology use such as familiarity with tools, 
making information accessible to others, 
providing regular and prompt feedback, and 
adequate preparation for meetings) 

Ample opportunities for face-to-face contact 
throughout all stages of remote 
collaboration 

Regular face-to-face meetings and socialization 
among remote team members to increase 
trust and to create and sustain group identity 

Sustained communication among members to 
establish common ground and reduce task-
related uncertainties 

Enthusiastic leaders strongly committed to 
effective remote collaboration 

Creation of new roles and communication 
patterns that enhance distance collaboration 

Groupthink and social loafing, sometimes 
arising from prolonged familiarity and rigid 
operating procedures 

Inflexibility in the face of changing task 
demands and environmental conditions 

Lack of adequate and regular communication 
and feedback, resulting in low levels of trust 
among members and social fragmentation 

Leaders whose styles are noncollaborative and 
exclusionary rather than collaborative and 
inclusive 

Too-small or too-large team size in relation to 
specific task requirements and collaborative 
goals 

Hybrid task and reward structures in which 
tasks require interdependent efforts among 
members but incentives are distributed on 
an individualistic and meritocratic basis 

Insufficient opportunities for face-to-face 
contact among members 

Failure to identify and utilize the resources of 
all group members 

Work environments that inhibit 
communication among team members, 
hinder privacy regulation, or are too 
distracting 

Noncollaborative rather than collaborative 
attitudes and values among team members 

Lack of adequate technical infrastructure such 
as networking, bandwidth, technical 
support, and appropriate hardware and 
software 

Technologic concerns about speed, data 
security, integrity, privacy, and effective 
access and retrieval that render distance 
collaboration complex and challenging 

Constrained audio and visual choices and the 
use of media that are inappropriate for the 
task at hand 

Financial costs and expenditures of time and 
effort for establishing requisite 
infrastructure for distance collaboration 

Lack of experience and familiarity with the 
use of distance-collaboration tools 

Communication challenges in establishing 
team identity and trust due to the absence 
of shared physical settings along with 
nonverbal and spatial cues 

Absence of a culture of sharing information 
and non-alignment of reward structures to 
encourage collaboration and the use of 
collaboration tools 
(continued on next page) 
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able 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research (continued) 

rea Facilitating factors Constraining factors 

ommunity coalitions 
among scientists 
and practitioners 

valuative studies of 
transdisciplinary 
research centers 
and training 
programs 

Identification of common and clear goals, 
objectives, outcomes, and consensus among 
team members regarding their collaborative 
priorities 

Development of a shared statement of principles 
among coalition members and formalization of 
mutual benefits and responsibilities 

Continuity of collaboration throughout all phases 
of the coalition 

Joint development of operating norms that 
encourage open communication, inclusiveness, 
and shared decision making 

Prior positive experiences of collaboration with 
participating community organizations and 
their members 

Supportive, democratic, and empowering leaders 
who engage the participation of all members, 
encourage their cooperation, and are skilled in 
conflict resolution 

Members’ readiness for collaboration, including 
their cooperative orientation, methodologic 
flexibility, positive attitudes toward 
collaboration, and interpersonal 
communications skills and training 

Presence of well-developed electronic 
communication systems to encourage and 
sustain collaboration among team members 

Strong incentives to participate and remain 
involved (e.g., financial, training and 
education, public recognition, tenure and 
promotion) 

Sustained support by funding agencies to enable 
the coalition to accomplish its major goals 

Prior experience of positive collaboration with 
team members on earlier transdisciplinary 
projects 

Presence of a strong, shared vision; agreement 
on highest-priority goals and the timelines for 
achieving them 

Exemplary leadership skills of center directors, 
especially conflict-resolution skills and ability to 
encourage cooperation among members while 
easing tensions among divergent scientific 
world views and disciplinary perspectives 

Prolonged and regular exchange of ideas to 
encourage the development of positive and 
informal interpersonal relationships 

Presence of electronic systems (e.g., intranet and 
Internet sites) to facilitate regular 
communication among center members 

Spatial proximity of scientists’ offices and 
laboratories 

Physical environments that afford opportunities 
for face-to-face contact among center members 
(e.g., comfortable, shared-meeting areas; 
distraction-free office and laboratory settings) 

Members’ awareness of and preparation for the 
collaborative constraints, disagreements, and 
conflicts they are likely to encounter over the 
course of their collaboration; availability of 
training resources and negotiation strategies 
for resolving the tensions inherent in 
transdisciplinary research and training 

Disagreement and conflicts due to divergent 
understandings of the coalition’s goals and 
timelines among community practitioners 
and academic researchers 

Presence of unclear, ambiguous, and 
complex goals 

Conflicts arising from different scientific 
world views, disciplinary perspectives, and 
decision-making styles 

Inequitable distribution of decision-making 
power, information, time, resources, and 
control over the coalition’s action–research 
activities 

Perception of status differences between 
scientists and community practitioners 

Lack of trust and respect arising from 
negative experiences in prior collaborative 
projects 

Leaders who encourage secrecy, in-group 
exclusiveness, and interpersonal 
competition and confrontation 

Absence of adequate and regular 
communication among members 

Decline of members’ participation, 
involvement, or both, in coalition activities 
due to lack of time, personal costs, absence 
of strong incentives to participate, and 
competing institutional demands 

Uncertainties about and absence of sustained 
funding to support the coalition’s long-
term goals and activities 

Lack of experience among team members in 
working together on prior transdisciplinary 
research and training programs 

Lack of a shared vision among members 
about highest-priority goals and the 
timelines for achieving them 

Conflicts and tensions stemming from 
alternative disciplinary perspectives, 
multiple departmental affiliations, and 
contrasting interpersonal styles 

Lack of collaborative skills and management 
experience among available leaders 

Lack of both regular communication among 
team members and adequate cyber-
infrastructure to support frequent and 
effective exchanges of information 

Absence of institutional supports and 
organizational incentives to sustain 
interdepartmental and inter-university 
collaboration 

Lack of physical environments (e.g., shared 
team-space) that encourage face-to-face 
contact among members of 
transdisciplinary research centers and 
training programs 

Lack of training programs to enhance team 
members’ readiness for collaboration in 
transdisciplinary research and training 
activities; unrealistic expectations for 
complete cooperation and harmony among 
initiatives team members 
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Table 2. Key contextual factors that influence transdisciplinary  team effectiveness  at each level  of analysis  

Intrapersonal  Interpersonal Organizational/institutional Physical/environmental Technologic  Sociopolitical 

Members’  attitudes and  values Regular and  effective social Presence of strong Spatial proximity of  An organization’s Easing of 

during the formation  of a and  intellectual organizational incentives  to team members’ technologic international 

transdisciplinary  communications to encourage participation and offices and infrastructure  tensions through 

collaboration,  such as establish common sustain  collaborative laboratories to readiness, or  access cooperative 

valuing  collaboration, ground,  overcome task- orientation  among  members encourage informal to necessary policies that 

supporting a culture of related uncertainties,  and Broad-based institutional  contact and bandwidth, encourage  

sharing,  embracing  a develop consensus  support for intradepartmental communication electronic exchanges of 

transdisciplinary  ethic, and around  a shared vision  and inter-university  Availability of networking scientific 

sharing  egalitarian  values and  collective goals  collaboration through comfortable meeting capabilities, information and 

Members’  collaborative Diversity of  members’ modifications  of areas for group linkages between transdisciplinary 

readiness  in terms of their knowledge  and skills  organizational structures and discussion  and sites, and technical collaboration 

openness to other Members’ ability to learn administrative  routines (e.g.,  brainstorming support  for remote  among scientists 

disciplinary  perspectives; about  each  other’s merit  and promotion activities collaboration from  different 

willingness  to  devote large expertise and create a procedures in academic Access to distraction- Provisions  for high- regions of the 

amounts time  and  effort to  hospitable conversational settings)  free work spaces for level data security, world  

building  personal space Nonhierarchic arrangements individualized  tasks integrity, privacy, Enacting policies and 

relationships;  and Mutual respect among  that provide autonomy to requiring rapid  retrieval, and protocols  to 

preparedness for the team members team members and concentration, long-term archival support  effective 

uncertainties,  tensions,  and  Members’ familiarity and encourage participatory goal confidentiality, or  access, and transdisciplinary 

complexities  inherent in social cohesiveness,  setting  and decision making  both technologies that collaboration, such 

transdisciplinary  teamwork coupled with their  ability Breadth of disciplinary  Physical environments facilitate the as those ensuring 

Members’  collaborative to adapt flexibly  to perspectives represented that support formation of ethical scientific 

experiences  with  each  other changing  circumstances, among  team members members’ efforts  to knowledge and conduct and 

on earlier  projects remain open  to new Scheduling  of retreats and regulate their social networks management of 

Presence of exemplary leaders perspectives, and informal  social events  to interpersonal privacy Members’  technologic intellectual 

who are  empowering,  challenge existing  encourage informal contact and accessibility to readiness, including property  ownership 

inclusive,  and assumptions and  and communication among others over the their knowledge of and licensing 

transformational;  a  procedures members  course of their and familiarity with Occurrences of 

participatory  leadership Assurances of long-term  support collaboration various electronic adverse global 

style  that  enables all by funding  agencies  so that information and environmental 

members  to play  an  active teams  have more time  to communication changes and public  

role  in  team goal-setting establish  trust, build tools, protocols,  health problems  

and decision-making  relationships,  and accomplish codes of conduct that prompt  

activities  their  goals for distance intersectoral and 

collaboration, and international 

the effectiveness of transdisciplinary 

their collaboration in 

communication scientific research 

styles and training 

programs  
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hereby members share authority and responsibility 
ccording to the shifting requirements of their tasks— 
essens the pressures felt by single individuals while 
nabling all members to play an active role in team 
ecision making and activities.61 

nterpersonal Factors 

nterpersonal communication has been found in earlier 
tudies1,13,26 to be a critical determinant of collaborative 
ffectiveness. Because of the inherent diversity of transdis­
iplinary teams, regular and effective intellectual and 
ocial communications are necessary so members can 
larify roles, task requirements, collective goals, and 
ntended outcomes as well as learn about their col­
eagues, understand and respect their alternative per­
pectives, and eventually transcend disciplinary and 
epartmental boundaries to develop novel conceptual 
rameworks for understanding and solving the prob­
ems under investigation. If members are to learn from 
ach other as the team develops, build a shared identity 
nd a hospitable conversational space, strengthen col­
aborative processes, and ease interdisciplinary ten­
ions, they must be able to engage in ongoing, mutually 
espectful, and constructive communication. Such 
ommunication, by enabling them to develop a shared 
ision and articulate common goals and by encourag­
ng positive imagery and appreciative inquiry, empow­
rs them to surpass obstacles and achieve those goals.85 

urthermore, it is important that members be able to 
dapt to changing circumstances and remain open to 
ew perspectives, particularly as the team matures and 
ecomes more cohesive. The capacity of team members 
o adapt to new situations and challenge their existing 
ssumptions and procedures is a crucial ingredient of 
ollaborative success.60,63,64 

rganizational and Institutional Factors 

 prerequisite for sustaining motivation among partic­
pants in team science initiatives is the presence of 
trong organizational incentives.107,109 For instance, an 
mportant incentive for motivating junior researchers 
o participate actively in transdisciplinary research and 
raining initiatives is greater recognition for collabora­
ive work through changes in university tenure and 
romotion policies.23,24 Institutional support for in­
radepartmental and inter-university collaboration can 
e increased through the modification of organiza­
ional structures and routines.17 Nonhierarchic orga­
izations that encourage participatory goal setting 
nd decision making foster inclusiveness and more-
ffective collaboration. Assurances of long-term 
unding by public agencies and private foundations 
lso provide team members more time to develop the 
elationships and trust so critical for collaborative 

uccess. m

110 American Journal of Preventive Medicine, Volume 35, Num
An organization’s collaboration readiness—reflected 
n the extent of its collaborative activities, breadth of 
isciplines, culture of sharing information, equitable 
ccess to information and technology, preparation for 
eetings, and ample opportunities for brainstorming 

ew ideas—contributes in important ways to effective 
ollaboration.29,90 Because team science projects re­
uire substantial time expenditure for group meetings 
nd brainstorming sessions, participating organizations 
ust recognize and reward members for engaging in 

ollaborative activities by providing organizational, en­
ironmental, and technologic support and incentive 
tructures. 

hysical Environmental Factors 

ne strategy for encouraging communication, trust, 
nd the integration of intellectual ideas is to maximize 
patial proximity among members’ offices and labora­
ories.29 Where this arrangement is not feasible, it 
ecomes important to schedule regular face-to-face 
eetings, social gatherings, retreats, and other oppor­

unities for team members to meet and communicate. 
arlier studies29 also indicate that reduced spatial, 

emporal, and emotional cues in remote collaborations 
ender interpersonal trust fragile, and are often associ­
ted with misunderstandings, conflict, and social frag­
entation. Face-to-face contact prior to engaging in 

emote collaboration is essential in establishing some 
egree of trust at the outset of the project.90 At the 
ame time, earlier studies69–71 of team environments 
uggest the importance of providing environmental 
upport (e.g., access to distraction-free work spaces 
nd comfortable meeting areas) to facilitate mem­
ers’ regulation of interpersonal privacy and their 
articipation in both individualized tasks requiring 
igh levels of concentration or confidentiality and 
ollective activities involving group discussion and 
rainstorming. 

echnologic Factors 

echnologic readiness and technologic infrastructure 
eadiness90 strongly influence remote as well as place-
ased collaborations. The organization’s technologic 

nfrastructure readiness—access to necessary band­
idth, electronic-networking capabilities, linkages be­

ween sites, and technical support—is a vital compo­
ent of successful transdisciplinary collaborations.90 

roviding data security, integrity, privacy, rapid re­
rieval, long-term archival access, and technologies that 
acilitate the formation of knowledge and social net­
orks has been found to enhance remote scientific 
ollaborations.46,72 Members’ technologic readiness, 
ncluding their familiarity with various electronic infor­
ation and communication tools, protocols, and codes 
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f conduct as well as the effectiveness of their commu­
ication style, is directly related to the team’s prospects 

or achieving its scientific goals through remote trans-
isciplinary collaboration.90 

olitical and Societal Factors 

he easing of political barriers through cooperative 
nternational policies and the reduction of tensions 
etween nations can encourage the initiation and longer-
erm success of transdisciplinary science collabora­
ions.28,122,123 At the same time, global environmental 
hanges and health challenges have spawned large-
cale international collaborations for scientific re­
earch and community health promotion, exempli­
ed by the WHO’s Healthy Cities Program.124 –126 At 
tate and national policymaking levels, the enact­
igure 1. Typology of contextual factors influencing transdisciplin

ugust 2008 
ent of protocols for ensuring ethical scientific 
onduct, adjudicating claims to intellectual property 
wnership and licensing, and protecting animal and 
uman subjects’ rights provide the legal foundations 

or conducting effective large-scale transdisciplinary 
ollaborations.72,127 

A diagrammatic representation of these broad cate­
ories of contextual influences on transdisciplinary 
esearch and training programs is provided in Figure 1. 
he multiple categories of contextual factors shown 

here provide a typology of key variables that influence 
he effectiveness of transdisciplinary collaborations, 
rouped according to the intrapersonal, interpersonal, 
rganizational, institutional, physical environmental, 
echnologic, and political and societal levels of analysis 
iscussed above. 
ary scientific collaboration 
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esigning and Managing the Ecology of Team 
cience to Enhance Collaborative Effectiveness in 
ransdisciplinary Research and Training 

his concluding section focuses on an important issue 
aised at the outset of the article—namely, the need to 
etter understand the contextual determinants of col­

aborative success as a basis for making future invest­
ents in large-scale team science initiatives more stra­

egic (i.e., scientifically productive and financially cost 
ffective). Having reviewed the empirical evidence for 
ontextual determinants of team performance across 
our distinct areas of research, this study addresses 
elow the practical implications of that evidence for 
uture efforts to enhance the success of transdisci­
linary science initiatives. 
The sheer diversity of transdisciplinary research and 

raining programs (reflected in their different struc­
ural features, stated goals, and effectiveness criteria) 
uggests that the contextual factors most crucial for 
ollaborative success will vary from one initiative to 
nother. For example, having an adequate technologic 
nfrastructure in place at remote sites is an essential 
rerequisite for effective distance collaboration but may 
ot be as crucial for the members of a transdisciplinary 

eam who work together at the same location.46,90 Simi­
arly, community-based program champions and multiple 
eaders representing different organizations enhance the 
ffectiveness of inter-organizational and intersectoral 
ransdisciplinary coalitions, but may not be necessary 
or the success of transdisciplinary research centers 
inked primarily to academic institutions.112 Thus, 
here is no one-size-fits-all set of contextual factors that 
an be expected to exert the same degree of influence 
n collaborative outcomes for all research teams and 
ettings; nor are precise algorithms available for gaug­
ng the relative contributions of multiple contextual 
ariables (e.g., those listed under each level of analysis 
hown in Figure 1) to collaborative success. For any 
iven initiative, at least some of the important determi­
ants of effective collaboration are likely to be specific 

o the type of transdisciplinary project or program 
ndertaken (e.g., single versus multiple organizations 
nd locations, large versus small numbers of partici­
ants and disciplinary perspectives). 
At the same time, this review of the scientific litera­

ure on team performance identified certain intrap­
rsonal and situational variables (e.g., empowering-
eadership styles, the regularity and effectiveness of 
eam communication, opportunities for informal face­
o-face contact, members’ readiness and preparation 
or transdisciplinary collaboration) that emerged across 

ultiple research domains as important contributors to 
ollaborative success within a broad array of transdisci­
linary projects and programs (e.g., university-based 
esearch teams, community coalitions for health pro­

otion, intersectoral partnerships for policy change). t

112 American Journal of Preventive Medicine, Volume 35, Num
oreover, these factors may act synergistically in some 
ollaborative settings to influence team processes and 
utcomes in an interactive or cumulative fashion.29,112 

What are the implications of these findings for 
esigning and managing effective team science initia­
ives? Generally speaking, the evidence on team perfor­

ance suggests the value of optimizing as many factors 
s possible that have been found to facilitate collabora­
ive success (i.e., those listed in Tables 1 and 2) 
henever a new team science initiative is developed 
nd implemented. The research literature also sug­
ests, however, that not all of the conditions listed 
nder each analytic level of the proposed typology 
Figure 1) must be present in all instances to ensure 
hat a particular initiative is effective. Furthermore, efforts 
o optimize an unlimited array of contextual resources for 
ll team science initiatives would be neither feasible nor 
ustifiable in terms of cost-effectiveness criteria, espe­
ially considering the recent criticisms of team sci­
nce and concerns about budgetary appropriations 
or transdisciplinary research programs versus single-
nvestigator grants.18,19 Thus, a more compelling strat­
gy for developing and managing team science initia­
ives is to match the particular goals and structure of a 
ransdisciplinary research program with targeted invest­

ents in those contextual resources (e.g., collabora­
ion-readiness factors) that are specific to the project at 
and and are most likely to be essential for its success. 
Accordingly, it is useful to distinguish between the 

ontextual determinants of collaborative success that 
re highly specific to the requirements of a given 
nitiative and other, more broadly influential factors 
hose effects extend across a wider array of transdisci­
linary research settings and programs. Before a team 
cience initiative is launched, efforts should be made to 
nsure that, at a minimum, project-specific require­
ents for collaborative success are present at the outset 

e.g., access to the requisite electronic infrastructure 
mong team members who must coordinate their ef­
orts across remote sites). To the extent that additional 
nvestments can be made to ensure that other generally 
nfluential conditions for success are present (e.g., 
eaders who have extensive experience in managing 
istance collaboration, frequent face-to-face meetings 
mong team members over the course of a multisite 
ollaboration), they should be undertaken to further 
mprove the prospects for collaborative success. 

When deciding how to allocate program-development 
unds (either to project-specific requirements alone or 
o a larger set of collaboration-readiness factors that 
nclude both project-specific and more generally influ­
ntial determinants of success), it is important to 
onsider the degree of complexity inherent in the 
roposed transdisciplinary science initiatives. Transdis­
iplinary science projects and programs can be arrayed 
long a continuum of complexity, ranging from simple 

o highly complex. 

ber 2S www.ajpm-online.net 
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Key determinants of the complexity of transdisci­
linary initiatives include: (1) the number of scientists 
articipating in the initiative (e.g., a solo investigator 
orking at the interface of two or more fields, a group 
f 2–3 scientists working at the same site, or 15–30 
cientists collaborating across multiple organizations 
nd geographic locations); (2) the diversity of disci­
linary perspectives and scientific world views repre­
ented among participants, ranging from relatively 
imilar to widely divergent; (3) the anticipated dura­
ion of the project or program (e.g., a 1–2 year 
roject compared to a 5–10-year research and train­

ng initiative); (4) whether participants are working to 
ccomplish a small or large number of programmatic 
oals (e.g., scientific discovery and integration, the 
ffective training of new transdisciplinary scientists, 
ranslations of scientific findings into community 
ealth programs and policy initiatives, the improve­
ent of population health outcomes); and (5) the 

rganizational, analytic, and geographic scope of an 
nitiative, reflected in the number of organizations, 
evels of analysis, and geographic sites incorporated 
ithin a particular program. 
Earlier studies of transdisciplinary collaboration sug­

est that the more complex a transdisciplinary science 
nitiative is, the larger the number of both project-
pecific and general collaboration-readiness factors re­
uired to ensure its success. For instance, many, if not 
ost, of the contextual influences on collaborative 

ffectiveness identified in earlier social psychological 
nd organizational behavior studies (e.g., exemplary 
eadership styles, electronic communications infrastruc­
ure, training programs to prepare participants for the 
ensions inherent in transdisciplinary teamwork) 
hould be less important to the success of individual 
cientists or very small teams of researchers working at 
he same site than the success of larger and more-
iverse teams that are attempting to collaborate across 
ultiple locations and establish translational partner­

hips with health practitioners and non-academic orga­
izations in the local community. Similarly, to the 
egree that a transdisciplinary initiative has established 
 large number of diverse goals spanning scientific, 
raining, policy, and public health outcomes, the con­
extual circumstances required to facilitate the attain­

ent of those goals and the criteria for evaluating the 
eam’s effectiveness in meeting them become more 
aried and complex (vis-à-vis initiatives whose major 
ollaborative goals are more narrowly targeted). 

In sum, the preceding review of the research on team 
erformance suggests that investments in team science 

nitiatives should be allocated strategically prior to 
nitiating new transdisciplinary research and training 
rograms and be tailored to match the complexity of 
heir goals and organizational structure. To accomplish 
his matching, it is important that project-specific audits 

e conducted to ascertain which of the contextual 

ugust 2008 
actors outlined in Table 2 and Figure 1 should receive 
he greatest priority and investment of resources prior 
o the launch of a new transdisciplinary program. 
specially for more-complex transdisciplinary science 
nd training initiatives that include large numbers of 
articipants, encompass diverse goals, and span multi­
le organizations and sites, leaders should be chosen 
arefully to include individuals who have prior experi­
nce managing large-scale transdisciplinary programs 
nd interpersonal styles that promote effective collab­
ration. Furthermore, new training programs for par­
icipants in large-scale team science initiatives should 
e developed to better prepare them for the challenges 
nd complexities that often arise in transdisciplinary 
ollaborations.128 Finally, grant funding to support the 
stablishment of long-term transdisciplinary research 
enters and programs should be targeted not only to 
rospective applicant teams that have demonstrated 
igh levels of collaboration readiness prior to their 

nitiation of the proposed project, but also to relatively 
ess-experienced teams that show great scientific prom­
se and whose collaborative success may be accelerated 
y targeted investments of funding aimed at increasing 
heir readiness and resources for collaboration (e.g., 
he provision of shared research space, electronic in­
rastructure, or transdisciplinary training modules). 
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onference on The Science of Team Science: Assessing the 
alue of Transdisciplinary Research, October 30–31, 2006, in 
ethesda MD. The authors gratefully acknowledge support 

or this manuscript provided by an IPA contract to Daniel 
tokols from the Office of the Director, Division of Cancer 
ontrol and Population Sciences of the National Cancer 

nstitute; a predoctoral research award to Shalini Misra from 
IH Roadmap Interdisciplinary Training Grant No. 
5R13DK69500-03; and Cancer Research Training Award 
ellowships to Kara Hall and Brandie Taylor. The authors 
hank the four anonymous reviewers for their comments on 
n earlier version of the manuscript. 
No financial disclosures were reported by the authors of 

his paper. 

eferences 
1. Kahn RL. An experiment in scientific organization. Chicago IL: The John 

D. and Catherine T. MacArthur Foundation, Program in Mental Health 
and Human Development. A MacArthur Foundation Occasional Paper, 
1993. http://www.macfound.org/atf/cf/%7BB0386CE3-8B29-4162-8098­
E466FB856794%7D/experiment_in_scientific_organization.pdf. 

2. Nass SJ, Stillman B, eds. Large-scale biomedical science: exploring strate­
gies for future research. Washington DC: The National Academies Press, 
2003. 

3. The National Academies. The National Academies Keck futures initiative. 
2003. www.keckfutures.org. 

4. NIH. NIH roadmap for medical research: interdisciplinary research. 2003. 
http://www.rwjf.org/applications/solicited/npo.jsp?FUND_ID�55113. 

5. Robert Wood Johnson Foundation. RWJF active living research program. 
www.rwjf.org/applications/solicited/npo.jsp?FUND_ID�55113. 

6. Stokols D, Hall KL, Taylor BK, Moser RP. The science of team science: 

overview of the field and introduction to the supplement. Am J Prev Med 
2008;35(2S):S77–S89. 

Am J Prev Med 2008;35(2S) S113 

http://www.macfound.org/atf/cf/%7BB0386CE3-8B29-4162-8098-E466FB856794%7D/experiment_in_scientific_organization.pdf
http://www.macfound.org/atf/cf/%7BB0386CE3-8B29-4162-8098-E466FB856794%7D/experiment_in_scientific_organization.pdf
http://www.keckfutures.org
http://www.rwjf.org/applications/solicited/npo.jsp?FUND_ID=55113
http://www.rwjf.org/applications/solicited/npo.jsp?FUND_ID=55113


S

7. Wuchty S, Jones BF, Uzzi B. The increasing dominance of teams in 
production of knowledge. Science 2007;316:1036–9. doi:10.1126/ 
science.1136099. 

8. NIH. BECON 2003 symposium on catalyzing team science (Day 1). 2003 
June 23–24; Bethesda MD videocast.nih.gov/launch.asp?9924. 

9. Pellmar TC, Eisenberg L, eds. Bridging disciplines in the brain, behav­
ioral, and clinical sciences. Washington DC: IOM/The National Acade­
mies Press, 2000. 

10. Klein JT. Crossing boundaries: knowledge, disciplinarities and interdisci­
plinarities. Charlottesville VA: University of Virginia Press, 1996. 

11. Kessel FS, Rosenfield PL, Anderson NB, eds. Interdisciplinary research: 
case studies from health and social science. New York: Oxford University 
Press, 2008. 

12. IOM. Enhancing the vitality of the National Institutes of Health: organi­
zational change to meet new challenges. Washington DC: The National 
Academies Press, 2003. 

13. Stokols D, Fuqua J, Gress J, et al. Evaluating transdisciplinary science. 
Nicotine Tob Res 2003;5(1S):S21–S39. 

14. Klein JT. Evaluation of interdisciplinary and transdisciplinary research: a 
literature review. Am J Prev Med 2008;35(2S):S116–S123. 

15. Trochim WM, Marcus SE, Mâsse LC, Moser RP, Weld PC. The evaluation 
of large research initiatives: a participatory integrated mixed-methods 
approach. Am J Eval 2008;29:8–28. 

16. Smith R. Measuring the social impact of research. BMJ 2001; 
323:528. 

17. Morgan G, Kobus K, Gerlach KK, et	 al. Facilitating transdisciplinary 
research: the experience of the transdisciplinary tobacco use research 
centers. Nicotine Tob Res 2003;5(1S):S11–S19. 

18. Marks	 AR. Rescuing the NIH before it is too late. J Clin Invest 
2006;116:844. 

19. Weissmann G. Roadmaps, translational research, and childish curiosity. 
FASEB J 2005;19:1761–2. 

20. Abrams DB, Leslie FM, Mermelstein R, Kobus K, Clayton RR. Transdisci­
plinary tobacco use research. Nicotine Tob Res 2003;5(1S):S5–S10. 

21. Weingart	 P, Stehr N, eds. Practising interdisciplinarity. Toronto: 
University of Toronto Press, 2000. 

22. Younglove-Webb J, Gray B, Abdalla CW, Purvis Thurow A. The dynamics 
of multidisciplinary research teams in academia. Rev Higher Educ 
1999;22:425–40. 

23. Rhoten D, Parker A. Education: risks and rewards of an interdisciplinary 
research path. Science 2004;306:2046. 

24. Committee on Facilitating Interdisciplinary Research, National Academy 
of Sciences, National Academy of Engineering, Institute of Medicine. 
Facilitating interdisciplinary research. Washington DC: The National 
Academies Press, 2005 www.nap.edu/catalog.php?record_id�11153#toc. 

25. Rhoten D. Final report: a multi-method analysis of the social and technical 
conditions for interdisciplinary collaboration. 2003. www.hybridvigor.net/ 
publications.pl?s�interdis. 

26. Stokols D, Harvey R, Gress J, Fuqua J, Phillips K. In vivo studies of 
transdisciplinary scientific collaboration: lessons learned and implications 
for active living research. Am J Prev Med 2005;28(2S2):202–13. 

27. Fuqua J, Stokols D, Gress J, Phillips K, Harvey R. Transdisciplinary 
collaboration as a basis for enhancing the science and prevention of 
substance use and “abuse.” Subst Use Misuse 2004;39:1457–514. 

28. Klein JT. Interdisciplinarity: history, theory and practice. Detroit MI: 
Wayne State University Press, 1990. 

29. Stokols D. Toward a science of transdisciplinary action research. Am J 
Community Psychol 2006;38:63–77. 

30. Zerhouni EA. Translational and clinical science—time for a new vision. 
N Engl J Med 2005;353:1621–3. 

31. Hays TC. The science of team science: commentary on measurements of 
scientific readiness. Am J Prev Med 2008;35(2S):S193–S195. 

32. Guzzo RA, Dickson MW. Teams in organizations: recent research	 on 
performance and effectiveness. Annu Rev Psychol 1996;47:307–33. 

33. Rosenfield PL. The potential of transdisciplinary research for sustaining 
and extending linkages between the health and social sciences. Soc Sci 
Med 1992;35:1343–57. 

34. Klein JT. Prospects for transdisciplinarity. Futures 2004;36:515–26. 
35. Lawrence RJ. Housing and health: from interdisciplinary principles to 

transdisciplinary research and practice. Futures 2004;36:487–502. 
36. Ramadier T. Transdisciplinarity and its challenges: the case	 of urban 

studies. Futures 2004;36:423–39. 
37. Tyers	 M, Mann M. From genomics to proteomics. Nature 2003; 
422:193–7. 

114 American Journal of Preventive Medicine, Volume 35, Num
38. Gibbons MC. A historical overview of health disparities and the potential 
of eHealth solutions. J Med Internet Res 2005;7:e50. 

39. td-net. Network for transdisciplinarity in sciences and humanities. 2005. 
www.transdisciplinarity.ch. 

40. Minkler M, Wallerstein N, eds. Community-based participatory research 
for health. San Francisco: Jossey-Bass, 2003. 

41. NIH. Centers for Population Health and Health Disparities: RFA ES-02­
009. 2002. grants.nih.gov/grants/guide/rfa-files/RFA-ES-02-009.html. 

42. Hare AP, Borgatta EF, Bales RF. Small groups: studies in social interaction. 
Rev. ed. New York: Knopf, 1965. 

43. Cartright D, Zander A, eds. Group dynamics: research and theory. 3rd ed. 
New York: Harper & Row, 1968. 

44. Bales RF. Interaction process analysis: a method for the study of small 
groups. Reading MA: Addison-Wesley Publishing Co., 1950. 

45. Kerr NL, Tindale RS. Group performance and decision making. Annu Rev 
Psychol 2004;55:623–55. 

46. Lipnack J, Stamps J. Virtual teams: reaching	 across space, time, and 
organizations with technology. New York: Wiley, 1997. 

47. Festinger L, Schachter S, Back K. Social pressures in informal groups. 
Stanford CA: Stanford University Press, 1950. 

48. Tuckman BW. Developmental sequence in small groups. Psychol Bull 
1965;63:384–99. 

49. Cohen SG, Bailey DE. What makes	 teams work: group effectiveness 
research from the shop floor to the executive suite. J Manag 
1997;23:239–90. 

50. Cooperrider DL,	 Peter F, Sorensen J, Yaeger TF, Whitney D, eds. 
Appreciative inquiry: an emerging direction for organization develop­
ment. Champaign IL: Stipes Publishing LLC, 2001. 

51. Ilgen DR, Hollenbeck JR, Johnson M, Jundt D. Teams in organizations: 
from input-process-outtput models to IMOI models. Annu Rev Psychol 
2005;56:517–43. 

52. Bennis W. The secrets of great groups. Leader to Leader 1997;3:29–33. 
53. Reagans R, Zuckerman E, McEvily B. How to make the team: social 

networks vs. demography as criteria for designing effective teams. Adm Sci 
Q 2004;49:101–33. 

54. Milliken FJ, Martins LL. Searching for common threads: understanding 
the multiple effects of diversity on organizational groups. Acad Manage 
Rev 1996;21:192–9. 

55. Wiersema MF, Bantel KA. Top management	 team demography and 
corporate strategic change. Acad Manage J 1992;35:91–121. 

56. Jackson SE, May KE, Whitney K. Understanding the dynamics of diversity 
in decision-making teams. In: Guzzo RA, Salas E, eds. Team effectiveness 
and decision making in organizations. San Francisco: Jossey-Bass, 
1995:204–61. 

57. Katz RL. The effects of group longevity on project communication and 
performance. Adm Sci Q 1982;27:81–104. 

58. Harrison DA, Mohammed S, McGrath JE, Florey AT, Vanderstoep SW. 
Time matters in team performance: effects of member familiarity, entrain­
ment, and task discontinuity on speed and quality. Personnel Psychol 
2003;56:633–69. 

59. Jackson JM, Harkins SG. Equity in effort: an explanation of the social 
loafing effect. J Pers Soc Psychol 1985;49:1199–206. 

60. Janis I. Groupthink: psychological studies of policy decisions and fiascoes. 
2nd ed. Boston MA: Houghton Mifflin, 1982. 

61. Kayes AB, Kayes DC, Kolb DA. Experiential learning in teams. Simul 
Gaming 2005;36:330–54. 

62. Latane B, Williams K, Harkins S. Many hands make light the work: the 
causes and consequences of social loafing. J Pers Soc Psychol 1979;37: 
822–32. 

63. Okhuysen GA. Structuring change: familiarity and formal interventions in 
problem-solving groups. Acad Manage J 2001;44:794 –808. 

64. Weick KE. The social psychology of organizing. 2nd ed. Reading MA: 
Addison-Wesley Publishing Co., 1979. 

65. Mullen B, Symons C, Hu L, Salas E. Group size, leadership behavior, and 
subordinate satisfaction. J Gen Psychol 1989;116:155–70. 

66. Magjuka RJ, Baldwin TT. Team-based employee involvement programs: 
effects of design and administration. Personnel Psychol 1991;44:793–812. 
doi:10.1111/j.1744-6570.1991.tb00699. 

67. Stewart GL. A meta-analytic review of relationships between team design 
features and team performance. J Manage 2006;32:29–54. 

68. Vinokur-Kaplan D. Treatments that work (and those that don’t):	 an 
application of Hackman’s group effectiveness model to interdisciplinary 
teams in psychiatric hospitals. J Appl Behav Sci 1995;31:303–27. 

69. Steele F. Making and managing high-quality workplaces: an organizational 

ecology. New York: Teachers College Press, 1986. 

ber 2S www.ajpm-online.net 

http://www.nap.edu/catalog.php?record_id=11153%23toc
http://www.hybridvigor.net/publications.pl?s=interdis
http://www.hybridvigor.net/publications.pl?s=interdis
http://grants.nih.gov/grants/guide/rfa-files/RFA-ES-02-009.html


1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

A

70. Sundstrom E, DeMeuse KP, Futrell D. Work teams: applications and 
effectiveness. Am Psychol 1990;45:120–33. 

71. Brill M, Weidemann S. Disproving widespread myths about workspace 
design. Buffalo NY: BOSTI Associates, 2001. 

72. Sonnenwald DH. Scientific collaboration: a synthesis of challenges and 
strategies. In: Cronin B, ed. Annual Review of Information Science and 
Technology, vol. 41. Medford NJ: Information Today, Inc., 2007. 

73. Weber M. The theory of social and economic organization. New York: 
Oxford University Press, 1947. 

74. Stogdill	 RM. Personal factors associated with leadership. J Psychol 
1948;25:35–71. 

75. House RJ, Baetz ML. Leadership: some empirical generalizations and new 
research directions. In: Cummings LL, Staw BM, eds. Leadership, partic­
ipation, and group behavior. Greenwich CT: JAI Press, 1990:1–83. 

76. Bales RF. Social interaction	 systems: theory and measurement. New 
Brunswick NJ: Transaction Publisher, 1999. 

77. Fiedler FE. A theory of leadership effectiveness. New York: McGraw-Hill, 
1967. 

78. O’Connell MS, Doverspike D, Cober AB. Leadership and semiautono­
mous work team performance. Group Organ Manag 2001;27:50 –65. 

79. Cohen	 SG, Chang L, Ledford GE. A hierarchical construct of self 
management leadership and its relationship to quality of work life and 
perceived group effectiveness. Personnel Psychol 1997;50:275–308. 

80. Collins J. Level 5 leadership: the triumph of humility and fierce resolve. 
Harv Bus Rev 2001;79:66–76. 

81. Sivasubramaniam N, Murry WD, Avolio BJ, Jung DI. A longitudinal model 
of the effects of team leadership and group potency on group perfor­
mance. Group Organ Manag 2002;27:66–96. 

82. Bandura A. Self-efficacy: the exercise of control. New York: Freeman, 
1997. 

83. Ericksen J, Dyer L. Right from the start: exploring the effects of early team 
events on subsequent project team development and performance. Adm 
Sci Q 2004;49:438–71. 

84. Strauss G. Workers’ participation in management: an international per­
spective. In: Cummings LL, Staw BM, eds. Leadership, participation, and 
group behavior. Greenwich CT: JAI Press, 1990. 

85. Cooperrider DL, Srivastava S. Appreciative inquiry in organizational life. 
In: Woodman RW, Pasmore WA, eds. Research in organizational change 
and development, vol. 1. Greenwich CT: JAI Press, 1987. 

86. Lewin K. Resolving social conflicts. New York: Harper, 1948. 
87. Monge PR, Cozzens MD, Contractor NS. Communication and the moti­

vational predictors of the dynamics of organizational innovation. Organi­
zation Science 1992;3:250–74. 

88. Edmondson AC. Psychological safety and learning behavior in work 
teams. Adm Sci Q 1999;44:350 –83. 

89. Ancona DG, Caldwell DF. Bridging the boundary: external activity and 
performance in organizational teams. Adm Sci Q 1992;37:634 –65. 

90. Olson GM, Olson JS. Distance matters. Human-Computer Interaction 
2000;15(2/3):139–78. 

91. Wageman	 R. Interdependence and group effectiveness. Adm Sci Q 
1995;40:145–80. 

92. Johnson DW, Johnson RT. Cooperation and competition: theory and 
research. Edina MN: Interaction Book Co., 1989. 

93. Manz CC, Stewart GL. Attaining flexible stability by integrating total 
quality management and socio-technical systems theory. Organization 
Science 1997;8:59–70. 

94. Finholt TA, Olson GM. From laboratories	 to collaboratories: a new 
organizational form for scientific collaboration. Psychol Sci 1997;8:28–36. 

95. National Research Council. National collaboratories: applying informa­
tion technology for scientific research. Washington DC: The National 
Academies Press, 1993. 

96. Wulf WA. The collaboratory opportunity. Science 1993;261:854–5. 
97. Mark G, Grudin J, Poltrock SE. Meeting at the desktop: an empirical study 

of virtually collocated teams. In: Proceedings of the Sixth European 
Conference on Computer Supported Work; 1999 Sept 12–16; Copenha­
gen, Denmark. Norwell MA: Kluwer Academic Publishers, 1999. 

98. Finholt TA. Collaboratories as a new form of scientific organization. Econ 
Innov New Techn 2003;12:5–25. 

99. Cairncross F. The death of distance: how the communications revolution 
will change our lives. Boston MA: Harvard Business School Press, 1997. 

00. Jarvenpaa SL, Leidner DE. Communication and trust in global virtual 
teams. Organizational Science 1999;10:791–815. 
01. Mayer RC, Davis JH, Schoorman FD. An integrative model of organiza­
tional trust. Acad Manage Rev 1995;20:709–34. 

1

ugust 2008	 
02. Rocco E. Trust breaks down in electronic contexts but can be repaired by 
some initial face-to-face contact. In: Proceedings of the Conference on 
Human Factors in Computing Systems—CHI ’98; 1998 Apr 18–23; Los 
Angeles CA. New York: ACM Press/Addison-Wesley Publishing Co., 1998. 

03. Sonnenwald DH. Managing cognitive and affective trust in the conceptual 
R&D organization. In: Houtari M, Iivonen M, eds. Trust in knowledge 
management and systems in organizations. Hershey PA: Idea Publishing, 
2003. 

04. Hollingshead AB, Contractor NS. New media and small group organizing 
In: Lievrouw LA, Livingstone S, eds. Handbook of new media: social 
shaping and consequences of ICTs. London/Thousand Oaks/New Delhi: 
Sage Publications, 2002. 

05. Dourish P, Adler A, Bellotti V, Henderson A. Your place	 or mine? 
Learning from long-term use of audio-video communication. Comput 
Support Coop Work 1996;5:33–62. 

06. Teasley S, Wolinsky S. Scientific collaboration	 at a distance. Science 
2001;292:2254–5. 

07. Israel BA, Schulz AJ, Parker EA, Becker AB. Review of community-based 
research: assessing partnership approaches to improve public health. 
Annu Rev Public Health 1998;19:173–202. 

08. Lantz	 PM, Viruell-Fuentes E, Israel BA, Softley D, Guzman R. Can 
communities and academia work together on public health research? 
Evaluations results from a community-based participatory research part­
nership in Detroit. J Urban Health: Bull N Y Acad Med 2001;78:495–507. 

09. Butterfoss FD, Goodman RM, Wandersman A. Community coalitions for 
prevention and health promotion. Health Educ Res 1993;8:315–30. 

10. Cohen J. Balancing the collaboration equation. Science 2000;288:2155–9. 
11. Fisher PA, Ball TJ. Tribal participatory research: mechanisms of a collab­

orative model. Am J Community Psychol 2003;32(3–4):207–16. 
12. Altman	 DG. Sustaining interventions in community systems: on the 

relationship between researchers and communities. Health Psychol 
1995;14:526–36. 

13. Kumpfer KL, Turner C, Hopkins R, Librett J. Leadership and team 
effectiveness in community coalitions for the prevention of alcohol and 
other drug abuse. Health Educ Res 1993;8:359–74. 

14. Stokols	 D. The future of interdisciplinarity in the School of Social 
Ecology. 1998. www.drugabuse.gov/ttuc/Readings.html. 

15. Sonnenwald DH, Whitton MC, Maglaughlin KL. Evaluating a scientific 
collaboratory: results of a controlled experiment. ACM Trans Computer-
Human Interaction 2003;10:150–76. 

16. Jeffry P. Smoothing the waters: observations	 on the process of cross-
disciplinary research collaboration. Soc Stud Sci 2003;33:539 –62. 

17. Creamer EG. Collaborators’ attitudes about differences of opinion. J 
Higher Educ 2004;75:566–71. 

18. Fuqua J. Transdisciplinary scientific collaboration: an exploration of the 
research process [dissertation]. Irvine (CA): School of Social Ecology, 
University of California, 2002. 

19. Hall KL, Stokols D, Moser RP, et al. The collaboration readiness of 
transdisciplinary research teams and centers: findings from the National 
Cancer Institute’s TREC year-one evaluation study. Am J Prev Med 
2008;35(2S):S161–S172. 

20. Bruun H, Hukkinen J, Huutoniemi K, Klein JT, eds. Promoting interdis­
ciplinary research: the case of the academy of Finland. Helsinki, Finland: 
The Academy of Finland, 2005. 

21. Wray KB. The epistemic significance of collaborative research. Philos Sci 
2002;69:150–68. 

22. Havemann F. Collaboration behavior of Berlin life science researchers in 
the last two decades of the twentieth century as reflected in the Science 
Citation Index. Scientometrics 2001;52:435–43. 

23. Cohen J, Linton	 M. Asia—the new frontier for HIV/AIDS. Science 
2003;301:1650–5. 

24. Ashton J, Grey P, Barnard K. Healthy cities: WHO’s new public health 
initiative. Health Promot 1986;1:319–24. 

25. Duhl L. An ecohistory of health: the role of “healthy cities.” Am J Health 
Promot 1996;10:258 –61. 

26. WHO. The Jakarta Declaration on Leading Health Promotion into the 
21st Century (Declaration from the 4th International Conference on 
Health Promotion). 1997 Jul 21–25; Jakarta, Indonesia. www.who.int/ 
hpr/archive/docs/jakarta/english.html. 

27. David PA, Spence M. Towards institutional infrastructures for e-science: 
the scope of the challenge. Oxford: University of Oxford, 2003. 
28. Gray B. Enhancing transdisciplinary research through collaborative lead­
ership. Am J Prev Med 2008;35(2S):S124–S132. 

Am J Prev Med 2008;35(2S) S115 

http://www.drugabuse.gov/ttuc/Readings.html
http://www.who.int/hpr/archive/docs/jakarta/english.html
http://www.who.int/hpr/archive/docs/jakarta/english.html

	The Ecology of Team Science
	Introduction
	Mapping the Ecology of Team Science
	Generic and Project-Specific Criteria for Gauging the Effectiveness of Transdisciplinary Collaborations
	Review of Empirical Research on Team Performance and Transdisciplinary Collaboration
	Social Psychology and Management Research on the Effectiveness of Teams
	Team Members' Familiarity and Social Cohesiveness
	Team Size and Physical Environmental Conditions
	Leadership Traits and Behaviors
	Participatory Goal Setting and Communication Patterns
	Task and Outcome Interdependence

	Team Effectiveness in Remote Collaboration
	Technologic Factors
	Environmental Factors
	Socio-Cognitive and Emotional Factors

	Team Effectiveness in Community Coalitions
	Identification of Common Goals and Outcomes
	Distribution of Power and Control
	History of Collaboration
	Leadership and Member Characteristics
	Organizational Support

	Studies of Transdisciplinary Science and Training Programs
	Tendencies Toward Conflict
	Collaboration Readiness
	Preparation and Practice

	Conceptualizing the Ecology of Transdisciplinary Team Science and Collaborative Effectiveness
	Intrapersonal Factors
	Interpersonal Factors
	Organizational and Institutional Factors
	Physical Environmental Factors
	Technologic Factors
	Political and Societal Factors

	Designing and Managing the Ecology of Team Science to Enhance Collaborative Effectiveness in Transdisciplinary Research and Training
	Acknowledgement
	References


